Abstract
Introduction
Cigarette smoking is the leading preventable cause of death in the United States (1). Exposure to secondhand smoke (SHS) also causes detrimental health effects among both adults and children (2) . Cigarette smoking is a major contributor to stroke and other cardiovascular diseases, approximately doubling the risk of ischemic stroke, increasing the risk of hemorrhagic stroke by 2 to 4 times (3, 4) , and contributing to 12% to 14% of all stroke deaths (5, 6) . Quitting smoking appears to reduce the risk of stroke mortality (5) , and longer times since quitting are associated with lower stroke risk (7) .
SHS exposure has been causally associated with coronary heart disease illness and death among nonsmoking adults, suggesting a biologically plausible association with stroke (2) . The odds of incident stroke are approximately 30% to 80% higher among those exposed to SHS compared with those not exposed (7) (8) (9) ; exposure to SHS is a risk factor for both 3-year (10) and long-term progression (11) of intimalmedial thickness of the carotid artery.
Regional variations in smoking and SHS exposure have been hypothesized to contribute to high stroke mortality in the stroke belt, a region in the Southeast United
States. An even higher rate of stroke mortality is found in the coastal plains of North Carolina, South Carolina, and Georgia, known as the stroke buckle (10, 12, 13) . The magnitude of the increased risk of stroke mortality associated with the stroke belt is similar for men and women but is approximately 20% greater for African Americans than for whites (14) . Although smoking and exposure to secondhand smoke have been shown to be independent risk factors for cardiovascular diseases, including stroke, whether they could contribute to regional and racial disparities in stroke mortality is unknown.
In 1996, the National Cancer Institute published statespecific rates of smoking based on the Tobacco Use Supplement to the 1992-93 Current Population Survey, finding the highest smoking rates for whites in the South (supporting a contribution to regional disparities in stroke). The highest rates for African Americans were in the Midwest (15). Regional differences in smoking are also described by the National Survey on Drug Use and Health (NSDUH), which is conducted each year by the Substance Abuse and Mental Health Services Administration (16) . Among 44,467 respondents aged 18 or older, 27.5% reported current smoking. Although these data indicate similar smoking prevalence for whites (27.9%) and African Americans (28.0%), there were regional differences. The highest smoking rates were in the East-South-Central United States and the lowest were in the Pacific region. Further, data from NSDUH indicate that the proportion of smokers is higher in rural than in urban areas (16) . Updated data from the 2005 survey provide similar results (17) . Additionally, among 22,990 respondents to the 2007 National Health Interview Survey, rates of smoking among men were marginally higher for African Americans than for whites, whereas rates for white and African American women were similar (18) .
The reporting of these regional differences in current smoking follow census definitions of regions, where the "South" includes a number of states not included in the stroke belt (eg, Virginia, Florida, Texas), making the assessment of the association of geographic variations in stroke risk and smoking prevalence problematic to reconcile. To our knowledge, few available data report regional estimates of SHS exposure for the stroke belt and buckle regions rather than by state or larger regional areas, although limited data suggest that more African Americans than whites are exposed to SHS in the home (19) . The objective of this study is twofold: first, to describe both racial and geographic variation in smoking behavior using boundaries aligned with stroke risk (eg, stroke belt, buckle of the stroke belt, and the rest of the nation), and second, to provide new data on racial and geographic variations in exposure to SHS.
Methods
The Reasons for Geographic and Racial Differences in Stroke (REGARDS) study is a national population-based cohort study that recruited 30,229 participants aged 45 or older, of whom 55% were women, 42% were African American, and 58% were white. Recruitment of the cohort began in February 2003 and was completed in October 2007. We recruited 21% of the cohort from the buckle of the stroke belt (coastal plain region of North Carolina, South Carolina, and Georgia), 35% from the stroke belt states (the remainder of North Carolina, South Carolina, and Georgia, plus Alabama, Mississippi, Tennessee, Arkansas, and Louisiana), and the remaining 44% from the other 40 contiguous states. Exclusion criteria were race/ethnicity other than non-Hispanic African American or white, actively being treated for cancer, medical conditions preventing long-term participation in the study, cognitive impairment judged by the telephone interviewer, residence in or inclusion on a waiting list for a nursing home, or inability to communicate in English. The details of the study methods, including a map of the geographic regions employed in our analysis, are published elsewhere (20) . The study was approved and monitored by institutional review boards at all participating institutions.
We used a combination of mail and telephone contact to select participants from commercially available lists of
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residents. We collected verbal consent and baseline data, including demographics, smoking history, cardiovascular risk factor history, and other variables, via computerassisted telephone interview. Subsequently, an in-home visit was conducted to collect physical measurements, including blood pressure and blood and urine samples, and a signed informed consent form. These procedures were conducted on 70% of the initial telephone interview participants. Trained interviewers contact participants at 6-month intervals to assess stroke events and myocardial infarctions.
We examined the frequency of being a current smoker among race-region strata. A current smoker is determined on the basis of an affirmative response to the question, "Do you smoke cigarettes now, even occasionally?" We also examined the frequency of exposure to SHS, which was assessed only among those who replied that they were not current smokers, by the response to the question, "During the past year, about how many hours per week, on average, were you in close contact with people when they were smoking? For example, in your home, in a car, at work or other close quarters." Following the methodology of Howard et al (10), we defined exposure to SHS as being in close contact with a smoker for more than 1 hour per week; nonsmokers reporting contact of 0 hours or 1 hour per week were classified as not exposed. The main demographic factors of interest were race (African American or white), and region of residence (stroke belt, the buckle of the stroke belt, and the nonbelt area). The other factors considered in the model were age; sex; urban, rural, or mixed residence (based on census data); annual income (<$20,000, $20,000-<$35,000, $35,000-<$75,000, or ≥$75,000); and education (<high school diploma, high school diploma, some college, at least a college degree). In addition, we classified participants on self-reported residence with a smoker. Among nonsmokers, we classified participants according to their smoking history (past vs never smoker). Among those excluded from the analysis (n = 3,856) were participants for whom any data were missing.
We examined the prevalence of both current smoking and SHS exposure by race-region strata. To determine if differences in categorical variables existed across race-region strata, we used χ 2 tests of association, and we used analysis of variance (F statistics) to assess whether differences across race-region strata were present among continuous variables. We employed logistic regression to assess racial and regional differences in the odds of both smoking (current vs not) and SHS exposure (exposed vs not), and how adjustment for additional nuisance sociodemographic factors affected the odds of both smoking and SHS exposure. To determine statistical significance from the logistic regression models, we used likelihood ratio χ 2 tests. We performed sensitivity analyses to examine the effect of defining SHS exposure as 3 or more hours per week (median SHS exposure level). We used SAS version 9.1 (SAS Institute, Inc, Cary, North Carolina) for all analyses.
Results
The cohort contained 30,229 participants, which was reduced to 26,373 by exclusion of participants with missing values for any analysis variable; the majority were excluded because they did not provide income (n = 3,740). Those with and without income data did not differ by current smoking status or SHS exposure. The remaining participants were excluded because of missing values for other covariates (n = 116).
Baseline characteristics of the study population showed that the average age differed by race-region strata (F = 31.7; df = 2; P < .001) ( Table 1) . White participants in the nonbelt region were the oldest (66.0 y, SD = 9.7 y) and African Americans in the buckle region were the youngest (62.8 y, SD = 9.0 y). Sex, urban/rural residence, income, and education all differed by race-region strata. The population in the nonbelt region had the greatest proportion of men and urban dwellers; among both African Americans and whites, nonbelt participants were wealthier and better educated than the participants of other regions. Further, the frequency of participants who reside with a smoker differed by race-region strata, and African Americans were more likely than whites to reside with a smoker, but with few regional differences. Similarly, within all regions, a higher proportion of African Americans were current smokers and were exposed to SHS than whites.
Logistic regression modeling suggested that regional differences in the odds of being a current smoker differed by race (Table 2 ) (χ 2 = 27.8; df = 2; P for interaction < .001); thus, results are presented separately for African Americans and whites. The first adjusted model includes age and sex; the second also includes urban/rural residence, income, and education. Among white participants, those in both the stroke belt and the buckle of the belt were more likely to be current smokers than those in the nonbelt region in the unadjusted model; however, after adjustment for age, sex, income, education, and urban/rural residence, these relationships were no longer significant. Among African Americans, after adjustment for age and sex, the odds of current smoking for those in the stroke belt did not differ from those for residents of the nonbelt region, whereas the odds were 24% lower in the stroke buckle. Further adjustment for urban/rural living and socioeconomic factors slightly attenuated these odds ratios. After multivariable adjustment, among African Americans the odds of current smoking were significantly lower for those in the stroke belt than those in the nonbelt region, and also for those in the stroke buckle, compared with those in the nonbelt.
Similarly, logistic regression modeling indicated that regional differences in SHS exposure differed by race (χ 2 = 8.5; df = 2; P for interaction = .01) (Table 3) ; thus, results are presented separately for African Americans and whites. The first adjusted model includes age and sex; the second further adjusts for urban/rural residence, income, education, and whether or not the participant was a past smoker; the final model further adjusts for whether or not the participant resides with a smoker, to determine if any observed relationships between SHS exposure and region are attributable to living with a smoker. Among African Americans, after adjustment for age and sex, the odds of being exposed to SHS were similar between residents of the stroke belt and the nonbelt regions. The odds of being exposed to SHS were 14% lower for residents of the buckle of the stroke belt compared with residents of the nonbelt region. Among whites, no differences in exposure to SHS were observed by region after controlling for age and sex.
In the fully adjusted model, these relationships did not change significantly. Among African Americans, the odds of being exposed to SHS are 16% lower for residents of the buckle of the stroke belt compared with residents of the nonbelt region, again suggesting that observed regional differences remain after adjustment for urban/rural residence, income, education, smoking history, and residence with a smoker. The sensitivity analysis using the median SHS exposure time (3 h/wk) did not affect results of the analysis (data not shown).
Discussion
For whites, rates of current smoking were slightly higher in the stroke belt and stroke buckle than in the nonstroke belt, although these associations were not significant after multivariable adjustment; thus, the higher rates in the South appear to be attributable to socioeconomic factors. In contrast, African Americans in the stroke belt and stroke buckle are less likely to be current smokers than those in the other regions after adjustment for age, sex, residence, education, and income. Regarding SHS exposure, no differences in SHS exposure by region were observed among whites, whereas African Americans in the stroke buckle may be less likely to be exposed to SHS compared with those in other regions. Hence, although SHS may be associated with risk of stroke, because the relationship between region and current smoking is not significant among whites, differences in smoking rates across regions are likely not playing a contributing role in the regional differences in stroke rates. However, for African Americans, smoking rates and exposure to SHS were in the unanticipated direction. Geographic disparities in stroke risk are larger for African Americans than for whites (14) , and adjusting stroke rates for smoking and SHS exposure could result in even larger geographic disparities among African Americans. These unanticipated findings may be the result of factors such as diet or exercise that were not considered in this analysis.
Few data describe regional and racial differences in smoking habits and in SHS exposure. However, the reports published by NSDUH contrast with our findings: NSDUH found that the prevalence of current smoking differs little by race and that higher smoking rates are observed in EastSouth-Central US states, including Alabama, Kentucky, Mississippi, and Tennessee. A direct comparison between these regions and those employed in this study cannot be made, because the stroke belt includes Alabama, Mississippi, and Tennessee, but not Kentucky. In addition, our stroke belt also includes parts of North Carolina, South Carolina, Georgia, Arkansas, and Louisiana. 3%) , has a prevalence of current cigarette smoking higher than the national median (19.8%); however, these data are not presented by race (21) . Although we also showed higher current smoking prevalence for white participants in the region that includes parts of these same states, this study failed to show higher smoking rates for African Americans, suggesting that the previously reported state-level rates could be obscuring racial differences. These differences may be a product of regional differences in smoking prevalence within states (ie, the regions in the stroke belt/buckle may have different smoking rates than
other parts of the state), differences in the age distributions of the populations, differences in the period of observation, or differences in data collection methods.
These data do not support the hypothesis that current smoking and SHS exposure contribute to the racial and regional differences in stroke mortality, because adjusted rates of smoking were only slightly higher among whites in the buckle and were higher among African Americans in the nonbelt region. Further, African Americans in the buckle region had slightly less SHS exposure than those in the nonbelt region. Although several hypotheses have been proposed to explain the geographic differences in stroke mortality, including differences in gene frequency, novel risk factors, infection rates, socioeconomic status, lifestyle choices such as diet or exercise, case fatality rates, and differential causes of mortality following an initial stroke or CHD event, data to assess these potential causes are lacking (12,13).
The work described herein has some limitations. First, these data are cross-sectional; consequently, we are unable to consider the relationship between smoking and SHS exposure and subsequent risk of stroke. These analyses also rely on self-report for both current smoking status and SHS exposure, without validation by either observation or cotinine measure. However, self-reported data on current smoking status have been found to have high validity (22) . In contrast, most studies suggest that biomarkers indicate higher levels of SHS exposure than those reported from questionnaires (2) . However, studies have also demonstrated that people classified as having high levels of SHS exposure by self-report also had higher levels of biomarkers for SHS exposure than people who had low levels of exposure (2) . Although our method of estimating SHS exposure is coarse, we believe that it will provide a dichotomy of nonsmokers who were exposed to SHS versus those who were either not exposed or were exposed to very low levels of SHS, and the measure is identical to those that have shown associations with clinical outcomes (10, 13) . In addition, the SHS exposure data in our study showed a similar relationship between SHS exposure and race (African Americans were more likely to be exposed than whites) to national estimates of serum cotinine among nonsmokers from 2001 through 2002 (2).
On the basis of our results, it is unlikely that either active smoking or self-reported exposure to SHS are major contributors to the observed geographic disparities in stroke mortality, although both have been implicated as factors related to overall stroke risk (2-9). However, interventions to reduce the prevalence of smoking are needed and should focus on African Americans, who, regardless of region, had higher rates of smoking than whites. In addition, substantial numbers of nonsmokers are still being exposed to SHS. The public health community needs to continue to implement laws and policies that provide completely smoke-free environments to ensure that nonsmokers are fully protected from SHS exposure (2 
